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A novel arginine-modified Heliotrope leaf (Arg@HL) was used as adsorbent for the crystal violet (CV) dye adsorption in a batch process. The
physicochemical and morphological composition of Arg@HL were characterized by field-emission scanning electron microscopy (FE-SEM),
Fourier transform infrared (FTIR) spectroscopy, thermogravimetric analysis (TGA), and differential scanning calorimetry (DSC). The exper-
iments were carried out to investigate the factors that influence the dye uptake by the adsorbent, such as the contact time under
agitation, adsorbent amount, initial dye concentration, temperature and pH of dye solution. The optimum conditions of adsorption were
found on the batch scale as followed: CV concentration of 20 mg·L1, an amount of 0.75 g·L1 of the adsorbent, 90 min contact time,
6 pH and 25 °C temperature for Arg@HL. The results confirmed a second-order model explaining the dye crystal violet’s adsorption’s kinetics
by Arg-Heliotrope leaves. The Langmuir model effectively defines the adsorption isotherms. The results revealed that the Arg@HL has the
potential to be used as a low-cost adsorbent for the removal of CV dye from aqueous solutions.
Key words: adsorption, Arg-Heliotrope leaves, arginine, isotherm, kinetics, thermodynamic
HIGHLIGHTS
• The first effort to use a low-cost arginine-modified Heliotrope leaves material as an adsorbent for crystal dye elimination by adsorption
procedures.
• CV dye was efficiently removed using Arg@HL.
• Arg@HL exhibited high adsorption capacity for CV dye.
• Adsorption process follows the Langmuir isotherm.1. INTRODUCTION
In the last decades, the pollution of water by organic and inorganic chemical pollutants has become a major public worry
(Chennah et al. 2018, 2019; Hsini et al. 2020a, 2020b; Abdellaoui et al. 2021; Ajmal et al. 2021; Laabd et al. 2022). Dyes
are pollutants that can be seen by the naked eye (Essekri et al. 2020; Ferraa et al. 2020). They are utilized in different indus-
tries like elastic, plastics, and beauty care products (Fegousse et al. 2019). Besides, colored chemicals in the aquatic
environment lead to a considerable reduction in light transmittance and the amount of dissolved oxygen in water, thereby
affecting the plant photosynthesis activity (Essekri et al. 2020). Moreover, synthetic dyes are well known as stable and com-
plex biodegradable compounds, which promote their accumulation in aquatic ecosystems (Essekri et al. 2020). Over 7 105
tones and 10,000 different types of dyes and pigments are produced worldwide annually. Crystal violet dye is widely used in
textile manufactories for dyeing cotton and silk and also in the manufacturing of paints and printing inks (Sulyman 2014).
Therefore, the industrial dye-containing effluents should be adequately handled before their release into the environment.This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY-NC-ND 4.0), which permits copying and
redistribution for non-commercial purposes with no derivatives, provided the original work is properly cited (http://creativecommons.org/licenses/by-nc-nd/4.0/).
://iwaponline.com/wst/article-pdf/84/9/2265/965166/wst084092265.pdf
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protecting the environment. In order to clean wastewater and eliminate dyes, numerous treatment approaches have been
employed, like photodegradation (Ait Ahsaine et al. 2018; Naciri et al. 2018, 2019a, 2019b, 2020a, 2020b, 2021; Chennah
et al. 2019; Erdogan et al. 2019; Shaim et al. 2019; Barebita et al. 2020; Bouziani et al. 2020, 2021; Akhsassi et al. 2021;
Mimouni et al. 2021), biological oxidation (Paz et al. 2017; Sathishkumar et al. 2019), nanofiltration membranes (Saffaj
et al. 2005), ozonation (Oguz et al. 2005; Gharbani et al. 2008), and adsorption (Kizito et al. 2017a, 2017b; Ajmal et al.
2018, 2020a, 2020b; Aarab et al. 2020a, 2020b; Ba Mohammed et al. 2020). The latter is enhanced compared to other waste-
water treatment methods in terms of its preliminary expense, flexibility, easiness of layout, ease of function, and insensitivity
toward toxic pollutants (Benafqir et al. 2019; Hsini et al. 2020a, 2021a, 2021b).
Activated carbon (AC) is considered the oldest and commonly utilized adsorbent for wastewater purification (Naushad
et al. 2019a, 2019b; Hasanzadeh et al. 2020). AC has a high adsorption capacity and rate; however, its high cost is a signifi-
cant drawback for its utilization (Garg et al. 2004). For this purpose, numerous tries have been conducted to study dyes’
adsorption via low-cost and organic adsorbents such as natural agro-industrial or plant waste materials (Tunç et al. 2009;
Mittal et al. 2010; Mahmood et al. 2017).
Fallen leaves of heliotrope are in ample supply, cheap, and readily accessible in numerous Morocco regions. These leaves
have no use in the commercial field and are not consumed by livestock. There are no earlier published articles on the usage of
these leaves for eliminating dyes from aqueous solutions. Hence, the heliotrope leaves as a low-cost and ample bio-sorbent
could be an alternate for the removal of dyes from wastewater.
L-arginine (Arg) is amino acid which has good prospects to bind with cations through electrostatic force over a wide pH
range. The Arg is widely used to modify the substrate surface to prepare a high-performing adsorbent (Hsini et al. 2020a).
Thus, it can be anticipated that leaves of heliotrope modified with arginine would have a strong affinity with cationic CV
dye and could be efficiently used to remove CV dye under specific conditions.
Until today, no systematic research on chemical functionalization (by L-arginine (Arg)) of leaves of heliotrope as an adsor-
bent for wastewater treatment has been described. Hence, the main objective of this research was to discover the possibility of
Arg@HL as an inexpensive natural and non-conventional adsorbent for CV dye uptake from its aqueous solution. The effect
of initial dye concentration, initial solution pH, contact time, adsorbent dose, and temperature on CV dye adsorption were
studied. Moreover, this article also presented different thermodynamic parameters such as Gibbs free energy change (ΔG0),
heat of adsorption (ΔH0), and entropy change (ΔS0). On the other hand, the Arg@HL’s textural properties and surface chem-
istry are also characterized extensively.
2. MATERIALS AND METHOD
2.1. Synthesis of Arg-heliotrope leaves
The Arginine surface functionalization of heliotrope leaves was carried out according to the following procedure: 20 g of
heliotrope leaves (HL) powder was dispersed in 400 ml of 0.1M NaOH solution and stirred for two hours. Then, the mix
was filtered and rinsed several times until the filtrate solution attained a neutral pH. The obtained material was dried at
50 °C for 12 h. Afterward, 10 g of HL treated by NaOH were mixed with 100 ml of 0.6 M Arginine solution followed by stir-
ring for two hours. The mixture was thermally processed at 120 °C in an oven for 90 min. Finally, the obtained HL
functionalized by Arginine (labeled Arg@HL) was rinsed numerous times with distilled water, then dried at 60 °C for six
hours.
2.2. Arg-heliotrope leaves characterization
A JEOL, JSM-IT200 scanning electron microscope (SEM) was utilized to analyze the synthesized samples’morphology. Four-
ier-transform infrared (FTIR) (wavenumber from 400 to 4,000 cm1) with a KBr pellet for the documentation of the spectra
(ALPHA-Bruker Optics, Germany) was used to investigate the functional group. Thermogravimetry-derivative thermogravi-
metry TG-DTG, differential thermal analysis (DTA) was performed using Labsys Evo (AF) setaram equipment in airflow
under non-isothermal conditions.
The pH point zero charges (pHPZC) are defined by a conventional technique (Hsini et al. 2020b) that involves preparing
solutions of KNO3 (60 ml, 0.03 M) and altering their pH to obtain values varying from 2 to 12 by adding HCl or NaOH (0.1 M).
Later, the adsorbent (0.45 g) was added to every solution. The mix was kept at room temperature for 24 h under stirring prior
to pHfinal calculation. The curve of pHfinal-pHinitial¼ f (pHinitial) was computed to obtain the pHPZC.om http://iwaponline.com/wst/article-pdf/84/9/2265/965166/wst084092265.pdf
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The commercial-grade Crystal violet (CV) (C25H30N3Cl, M¼ 408 g/mol and λmax¼ 584 nm) was acquired from Sigma-
Aldrich, and no additional purification was applied. The structure of the CV is displayed in Figure 1. An initial solution of
1,000 mg/L was obtained by adding CV powder (1 g) into distilled water (350 mL) followed by a dilution of 1,000 mL.
The dilution of the initial solution into the needed concentrations was done using distilled water.
2.4. Batch experimental
The adsorption measurements were performed in 250 ml conical flasks by pouring 60 ml of CV aqueous solutions with speci-
fied concentrations into a defined amount of the adsorbent. The mix was stirred at 120 rpm and at a steady temperature (30 °C)
for 240 min. At a fixed time, the stirring was stopped, and the samples were filtered by centrifugal separation. The remaining
concentration of the dye in the reaction mix was evaluated via UV2300 spectrophotometer. Adsorption tests were performed
by changing pH of the initial solution, time of contact, amount of the adsorbent, concentration initial of CV, and temperature
for kinetics of adsorption, isotherms of adsorption, and thermodynamic study. The experiments were performed in triplicates,
and the average values were used for experimental data evaluation.
The adsorption percentage R (%) and the adsorption capacity Qe (mg/g) were determined by the equations below (Hsini
et al. 2021c; Imgharn et al. 2021):
R(%) ¼ (C0  Ce)
C0
 100 (1)
Qe ¼ (C0  Ce)m  V (2)
C0 is the initial concentration of CV (mg/L), Ct denotes the concentration of CV at time t, V is defined as the volume of
solution (L), and m symbolizes the mass of adsorbents in g. The entire findings are, in general, reproducible within
+10%. Experiments at the equilibrium were carried out via the above method with a broad array of initial CV concentrations.
The time of contact between solid-liquid was 240 min, which was higher than the equilibrium time.3. RESULTS AND DISCUSSION
3.1. Arg-heliotrope leaves characterization
3.1.1. Surface morphology
SEM images help to observe the surface morphology of adsorbents at micron levels, and SEM is widely used to observe the
arrangement of particles on the surface of adsorbents. In the present study, the SEM image of the raw used heliotrope leaves,
arginine modified heliotrope leaves before (Arg@HL) and after CV adsorption (Arg@HL-CV) are represented in Figure 2(a)–
2(c), respectively. It is indicated from Figure 2(a), that the surface and pores of heliotrope leaves were rough and notFigure 1 | The structural formula of crystal violet.
://iwaponline.com/wst/article-pdf/84/9/2265/965166/wst084092265.pdf
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Figure 2 | SEM images of (a) the raw used heliotrope leaves. Arginine-modified heliotrope leaves (Arg@HL) (b) before and (c) after CV
adsorption (Arg@HL-CV).
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formed on the arginine-modified heliotrope leaves’ surface (Arg@HL). This indicates that the surface coating of the heliotrope
leaves by the amino functions arginine leads to the generation of fine pores in the Arg@HL. These pores are expected to
enhance the adsorption process as a result of their porosity. This indicates that the arginine has contributed to the widening
and formation of pores on the HL surface, which is one of the properties of a good adsorbent that will be efficient in the
removal of dyes (Hsini et al. 2020a), thus confirming the ability of Arg@HL in removing CV dye under consideration due
to the availability of pores of the adsorbent (Ahmad et al. 2021). After the adsorption process, the surface of Arg@HL
(Figure 2(c)) was covered with CV dye, and the surface of Arg@HL became smooth in a short time. According to the results,
we assumed there were physico-chemical adsorption mechanisms on the surface of Arg@HL. As a result of these differences
between SEM results, we determined that CV dye was physicochemically adsorbed on the surface of Arg@HL, and this result
was supported by UV and FTIR results.
3.1.2. FTIR analysis
FTIR is a vital technique to define the characteristic functional groups that lead to the adsorption performance. The spectrum
of Arg-heliotrope leaves before and after the adsorption of CV is exhibited in Figure 3. The FTIR spectrum of Arg@HL indi-
cates several peaks of absorption, implying the intricate nature of the adsorbent. The wide-band at 3,440 cm1 was ascribed to
O–H bond vibration stretch overlapped with N-H stretching groups on the surface of Arg@HL surface (Naushad et al. 2019b).
The weak peak at 2920 cm1 was attributed to the asymmetric C-H stretching present in biomass structure (cellulose, hemi-
cellulose, lignin) (El Messaoudi et al. 2016a). The symmetrical stretch vibration of C-H gave rise to the peak at 2,855 cm1
(Han et al. 2011; El Messaoudi et al. 2016b). The absorption peak at ∼1,628 cm1 was the characteristic of stretch vibration of
C¼O from carboxylic acid with intermolecular hydrogen bond and bending –NH (Han et al. 2011; Naushad et al. 2019b).
The band at 1,530 cm1 was linked to the C¼C aromatic stretching of lignin (Han et al. 2011). The bands at 1,472 cm1 and
1,347 cm1 were credited to the vibration C–O of methoxy groups of lignin (El Messaoudi et al. 2016a). The bands atom http://iwaponline.com/wst/article-pdf/84/9/2265/965166/wst084092265.pdf
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Figure 3 | FTIR spectrums of Arg-heliotrope leaves (Arg@HL) and CV loaded Arg-heliotrope leaves (Arg@HL-CV).
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on 28 December 20211228 cm1 were C–O stretching vibration of carboxylic acids and alcohols (El Messaoudi et al. 2016a, 2016b). The peaks
between 1,140 cm1 and 931 cm1 correspond to stretching vibrations of C–O, and C–O–C bonds of cellulose (Peydayesh
& Rahbar-Kelishami 2015). The band at 882 cm1 was ascribed to C–H deformation in cellulose (Deniz & Kepekci 2016).
After adsorption of CV, we noted that the peaks intensity of O–H, C¼O, and C–O were shifted from 3,440 cm1,
1,628 cm1, and 1,228 cm1 to 3,450 cm1, 1,631 cm1, and 1,033 cm1, respectively. This indicates that interaction has
occurred between CV and these groups. These results showed that the Arg@HL contains several functional groups belonging
to the CV such as O–H, C¼O, and C–O.
3.1.3. Thermal analysis Arg-heliotrope leaves
Thermo-gravimetric analysis (TGA) is a thermal analysis technique that evaluates the correlation between the sample’s mass
and temperature change under programmed temperature control. The thermogravimetric and heat flow profiles of Arg-helio-
trope leaves prior to and following CV dye adsorption are displayed in Figure 4. The analysis was conducted at a temperature
range of 33 °C–900 °C. The TGA curve of the Arg-heliotrope leaves composite demonstrates a standard four-stage weight-loss
performance. The initial thermal degradation phase reveals a 5% weight-loss obtained under 100 °C, which was assigned to
the physisorbed water desorption. In the second stage, the TGA curve demonstrated a 9.82% weight loss up to 250 °C, attrib-
uted to the organic matter’s pyrolysis, as well as the release of some light gases such as CO2 and CO and volatile elements;Figure 4 | DSC/TGA thermograms of Arg-heliotrope leaves prior and following adsorption of CV dye.
://iwaponline.com/wst/article-pdf/84/9/2265/965166/wst084092265.pdf
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which could be because of the cellulose thermal decay, hemicelluloses, and lignin as described by Yagmur et al. (2008).
Additionally, this behavior is also apparent in the DTA exothermic peaks noted in this temperature range. The 17.6% defined
as the last weight loss was determined in the 450 °C–900 °C temperature range, which might be attributed to the lignin degra-
dation (Mahmood et al. 2017).
A comparative study of DTA curves of Arg-heliotrope leaves prior and following CV dye’s adsorption does not show any
major deviation in the thermal stability. Furthermore, compared with the 8.67 wt% residual left for the Arg@HL at 900 °C,
15.69 wt% residue weight was discovered for the Arg@HL-CV composite. This outcome additionally verified CV dye’s adsorp-
tion on the Arg- heliotrope leaves surface (Hsini et al. 2021a).
3.2. Adsorption analysis
3.2.1. Influence of adsorbent dosage
The dosage of adsorbent is a valuable chemical factor since it establishes the adsorbent’s capacity for a provided quantity of
the adsorbent at the working conditions. Figure 5 demonstrates that the proportion of dye elimination at equilibrium was
enhanced from 50.16 to 99.39% with the adsorbent mass increase from 0.125 to 3 g·L1. Nevertheless, the adsorption
capacity revealed a declining tendency with rising adsorbent quantity. If the adsorbent amount is enhanced by maintaining
the CV concentration constant, the amount of CV adsorbed per unit mass declined due to fewer CV ions being present in the
mass of the adsorbent. The capacity of adsorption declined from 80.26 to 6.62 mg/g with an increase of adsorbent quantity
(from 0.125 to 0.3 g/L). The reduction in adsorption capacity is primarily assigned to the unsaturation of the sites during the
adsorption procedure. For the 0.75 g/L of adsorbent quantity, the optimum values of CV elimination and adsorption capacity
are discovered to be 96.54% and 25.74 mg/g, respectively.
3.2.2. Effect of initial pH
The pH is a significant parameter since it influences the adsorbent’s protonation and deprotonation as well as the adsorbate’s
functional groups, taming their electrostatic interaction (Hsini et al. 2020a). In this regard, the cationic dye CV’s adsorption is
influenced by the solution’s pH because of the highly pH-dependent mechanisms, like ion exchange, complexation, or elec-
trostatic retention forces (Kosmulski 2016). For this reason, the pH influence on the CV adsorption towards pure Leaves (HL)
or modified Arg-Leaves surface sites (Arg@HL) was considered in a pH range of 2–12, the solutions were regulated to the
chosen values by the addition of HCl (0.1 N) and NaOH (0.1 N), while the concentration of the CV was kept at 20 mg/L,
the temperature at 298 K and the mass of the pristine Leaves or modified Arg-Leaves adsorbent at 0.75 g·L1. It was noticed
that CV adsorption on the Leaves and modified Arg-Leaves surface is extremely pH-dependent. In an acidic medium, at pH
below 6, the adsorption percent increased by improving the initial pH. Optimal CV adsorption was reached at pH .6.Figure 5 | CV dye adsorption as a function of Arg@HL dose (C0¼ 20 mg·L1, adsorption time¼ 240 min, T¼ 298 K and pH¼ 6).
om http://iwaponline.com/wst/article-pdf/84/9/2265/965166/wst084092265.pdf
U TEKNIK UNIVERSITIES I user
er 2021
Water Science & Technology Vol 84 No 9, 2271
Downloaded from http
by ORTA DOGU TEKN
on 28 December 2021Moreover, Leaves’ PZC values and that of modified Arg- Leaves were observed to be 6.5 and 7.0 (inset in Figure 6), respect-
ively. At pH, PZC, the CV molecules and the surfaces of adsorbents have the same charges. This triggers adsorbate-
adsorbent repulsive interactions and consequently inhibits the CV adsorption. Additionally, the CV elimination efficacy
diminished with reducing pH of the solution due to the increase of repulsions phenomenon. Hence, strong competition
between CV and Hþ ions towards adsorbent active sites can not be overlooked in acidic environments. Furthermore, CV
adsorption for pristine Leaves and modified Arg-Leaves surface sites at pH. PZC, was mainly supported by the phenomenon
of electrostatic attraction occurring between cationic CV dye and negatively charged adsorbent surface sites (deprotonated
functional groups).
3.2.3. Adsorption equilibrium and thermodynamic study
The equilibrium of adsorption isotherms carries a crucial part in examining CV dye molecules’ distribution at the liquid/Arg-
leaves interface. The investigation of the adsorption at the equilibrium was conducted in the optimal experimental factors.
Langmuir (Langmuir 1917) and Freundlich (Ba Mohammed et al. 2020) isothermal models were employed to describe the
CV dye adsorption equilibrium on the Arg-leaves surface. The Langmuir isotherm theory adopts a monolayer adsorbate cov-
erage over a homogeneous adsorbent surface where each site of adsorption is the same and energetically equal (Langmuir
1917). In contrast, the Freundlich isotherm model is appropriate for a heterogeneous adsorbent surface with multilayer
adsorption and expects that the adsorbate concentration on the adsorbent will improve when absorbate concentration in
the solution increases (Ba Mohammed et al. 2020). The CV adsorption over the Arg-leaves surface along with the fitted Lang-
muir and Freundlich isotherms are presented in Figure 7(a). The values of the parameter are displayed in Table 1. The
regression coefficient values comparison revealed that the Langmuir model is more fitted to explain CV adsorption over
the Arg@HL than Freundlich. Though the computed Langmuir monolayer uptake capacity (Qm¼ 475.5 mg·g1) was reason-
ably adapted to the practical value (Qm.exp¼ 401.2 mg·g1). Consequently, the adsorption of CV onto the Arg@HL is a
monolayer coverage on the binding sites that are energetically homogeneous, as described by the Langmuir model.
The highest adsorption capacity of Arg@HL for CV was matched with the results of several adsorbents defined in the
literature, as depicted in Table 2.
From Table 2, it could be assumed that Arg@HL shows a high or equivalent capacity of adsorption compared to other low-
cost adsorbent materials. This higher adsorption capacity for CV removal by Arg@HL compared to other adsorbents was due
to the functionalization by arginine, which means gaining more functions, which favors the interactions between the func-
tions of the adsorbent and the CV dye molecules.
To explain the thermodynamic conduct of the adsorption procedure, the thermodynamic factors like free enthalpy (ΔG°),
enthalpy (ΔH°), and entropy (ΔS°) were acquired from the study of the temperature effect on the adsorption of CV ontoFigure 6 | pH influence on the efficiency of CV dye adsorption in the presence of HL and Arg@HL (C0¼ 20 mg·L1, time of adsorption¼
240 min, adsorbent amount¼ 0.75 g/L and T¼ 298 K). The inset is the PZC of HL and Arg@HL.
://iwaponline.com/wst/article-pdf/84/9/2265/965166/wst084092265.pdf
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Figure 7 | (a) Non-linear Langmuir and Freundlich isotherm plots for the adsorption of CV on the Arg@HL and (b) plot determining ther-
modynamic factors.










1) R2 nf KF (mg.g
1) R2
Arg@HL 401.2 475.5 0.0331 0.9931 2.492 54.04 0.9486
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Kd: constant distribution equilibrium specified by the subsequent equation:
Kd ¼ QdCe (4)




H2SO4 treated Cucumis sativus 12.09 Smitha et al. (2017)
Acid activated sintering process red mud 21 Zhang et al. (2014)
Alginate/acid activated bentonite 390.7 Oladipo & Gazi (2014)
EDTA-Cross-Linked β-cyclodextrin 104.03 Yao et al. (2015)
Glutamic acid modified chitosan magnetic composite 371.5 Yan et al. (2013)
Chitosan magnetic composite 86.6 Yan et al. (2013)
Arg@HL 475.5 Current study
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on 28 December 2021The thermodynamic factors (ΔG°, ΔH°, and ΔS°) obtained from ln Kd Vs. 1/T plot (Figure 7(b)) are represented in Table 3. ΔG°
evaluated at all temperatures was negative, which means that the adsorption process is spontaneous (Hsini et al. 2020a,
2020b). The adsorption of CV onto Arg@HL is an endothermic reaction proven by the obtained negative ΔH° values. ΔS°
is used to define the ion exchange at the interface of the solid-liquid through the adsorption process. The obtained ΔS°
was also negative, endorsing the exothermic nature of the adsorption of CV onto Arg@HL (Sharma et al. 2018; Naushad
et al. 2019b).
3.2.4. Adsorption kinetics
The kinetics data corresponding to the CV adsorption on Arg@HL was additionally mimicked via three frequently employed
models: pseudo-first-order Langmuir, pseudo-second-order Ho, and Weber-Morris intraparticle diffusion models. For the
pseudo-first-order model, as noticed in Figure 8(a), k1 and qe values are defined from the log (qe-qt) vs. t plot. k2 and qe
values for the pseudo-second-order model were concluded from the t/qt versus t plot. The intraparticle model constants
were established from the intercept and qt’s plot’s slope vs. t (Figure 8(b)). The kinetic data were evaluated by the kinetic
equation stated above, and assessed parameters were presented in Table 4. The correlation coefficient (R2) found using
pseudo-second-order kinetics (0.9803) were superior to those from the kinetics of the pseudo-first-order (0.9342). The
qe,2cal were closer to (qe,exp) obtained experimentally, proving pseudo-second-order suitability for predicting the data exper-
imentally. An excellent ionic interplay strength between the Arg@HL and CV (Ba Mohammed et al. 2020) was revealed
via the model of pseudo-second-order, which agrees with the pH and the amount of adsorbent effect.CONCLUSION
In the present work, Heliotrope leaf modified by arginine (Arg@HL) was synthesized and applied as an adsorbent for the
removal of CV dye from an aqueous medium. The adsorbent was characterized using different instrumental techniques
viz., SEM, FTIR, TGA and DSC. Batch method experiments were carried out at room temperature to study the influenceTable 3 | The values of thermodynamic parameters related to CV dye adsorption onto Arg@HL
Adsorbent ΔH° (kJ.mol1) ΔS° (J.mol1.K1)
ΔG°(kJ.mol1)
293 K 303 K 313 K 323 K
Arg@HL 31.42 17.71 26.25 26.09 25.72 25.80
Figure 8 | Pseudo-first order, pseudo-second-order (a), and Weber-Morris intraparticle diffusion linear (b) plots for CV dye adsorption by
Arg@HL.
://iwaponline.com/wst/article-pdf/84/9/2265/965166/wst084092265.pdf
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Table 4 | Parameters of PFO, PSO, and IPD models for CV adsorption onto Arg@HL composite from aqueous medium




1) k1 Qe.1 R2 k2 Qe.2 R2
Arg@HL 26.15 0.081 24.48 0.9342 4.66 104 26.66 0.9803
IPD model Qt ¼ kIPDt1=2 þ β
Initial linear portion Second linear portion Third linear portion
kIPD.1 β1 R2 kIPD.2 β2 R2 kIPD.3 β3 R2




1.min0.5) designate the PFO, PSO and IPD rate constants, respectively. β(mg.g1) indicates the boundary layer thickness. Qe and
Qt stand for amounts (mg·g
1) of CV adsorbed at equilibrium and time t, respectively.
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on 28 Decembof different parameters on adsorption of CV onto Arg@HL. The results showed that the amount of CV dye adsorption was
found to increase with the increase in initial dye concentration, contact time, amount of adsorbent, system temperature,
and solution pH. It was found that the optimum capacity of adsorption of CV on Arg@HL is in the order of 25.74 mg·g1
with a removal percentage of 96.54% for a CV concentration of 20 mg·L1, an amount of 0.75 g·L1 of the adsorbent,
pH¼ 6, and a temperature of 298 K. Moreover, Langmuir and pseudo-second order models were the most satisfying
models to describe the adsorption phenomenon. The obtained results lead to the conclusion that the Arg@HL adsorbent
is considered as highly efficient and eco-friendly material for textile dyes removal from industrial waste effluents.DATA AVAILABILITY STATEMENT
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